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1. INTRODUCTION

This report describes a software package for the generatioa of range-height-angle charts,

which are commonly used to provide qualitative guidance on the propagation characteristics

of electromagnetic waves through the atmosphere in the solution of radar and communiratio,

problems. Such chiats Siiow the interrelationship between range to a target, the height of

the target, and the angle that a ray has to be launched from the source to reach the target

position. They may appear in many forms, but most often have, and are most useful when,

the range and height axes are, transformed sc that the propagation paths are straight lines.

Th1 need for such charts arises because within the atmosphere the paths are governed by the

spatial variation of the atmospheric refractive index, and are generally curved downwards

due to the normal reduction in refractive index with height. Under more extreme

circumstances this curvature can match the curvature of the Earth, and consequently the

radar waves can propagate considerably beyond the geometric horizon, a condition known as

ducting. Thus, most often, given a specified target position and a radar position, it is

not immediately apparent if a propagation path exists between them for a particular

atmospheric refractive index profile. Nor is it simple to deduce the launch angle of the

ray from the radar that passes through the tL 3et position, and it is in answer to such

questions that range-height-angle charts are commonly constructed.

Most charts that have been published to date(ref.!,2) asually assume a standard atmospheric

refractive index profile(ref.5), and place the source at ground level. Although it is

possible to deduce if a ray path exists between two elevated points by determining

separately the horizon distance of each of the points and comparing the sum of these with

the physical separation of the points, the launch and arrival angles of the ray between the

points cannot be determined in this process. The alternative of providing an extensive set

of ('harts covering the range of source heights of interest, typically from 0 to 100,tXX) ft

for most aircraft applications, and for various refractive index profiles is not

particularly attractive, but with the advent of high speed digital computers with good

graphics capabilities, it is possible to generate charts simply for each specific situation

of interest. '[his report dd.ails a software package that has been developed for this

purpose by adapting a general purpose program for tracing rayz through the atmosphere(ref.4)

that was written for use with a radar system modelling package unler development im

Microwave Rsdar Division. Reference 3 details an alternative method for the generation of

charts for elevated sources, with a standard expimential reference atmosphere. h"he charts

presented therein have the angular ordinate scaled by a factor of 10. giving them aii unusual

form aid restricting the coverage of uigh and low aspect angles. No such limitations exist

with our product.
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The software program that has been developed is completely general, in that the user

specifies the source he~ght, the limits in range and height to which the rays are to be

traced, and the functional form of the atmospheric refractive index profile. The output of

the program is a range-height-angle chart, in which, by appropriate transformations of the

range and height axes, the ray path from the radar is depicted as a straight line.

Previously published charts have commonly depicted ray path length as the range parameter,

resulting in portions of ellipses for the constant range curves at short range. We have

however chosen to use ground range as the range parameter, resulting in a slightly different

form for the constant range curves as we have found this to be more useful for our purposes.

At moderate range the differences are only slight, but for specific requirements where the

differences are significant, it would be straightforward to adapt the software to use the

ray path length as the range parameter.

2. THEORY

2.1 Ray tracing through the atmosphere

The fundamental requirement in the generation of range height angle charts is to be able to

trace the path of rays as they propagate through the atmosphere. In this work we will rely

upon the techniques of geometrical optics for this task, noting as an aside that such

techniques will be inadequate at and near caustics of the rays, but also observing that this

package is not intended to be used for refractive index profiles which give rise to such

phenomena. The theoretical basis for ray tracing is treated more fully elsewhere(ref.4),

but may be summarized for our purposes as follows.

(1) At any point in the (horizontally stratified) atmosphere, the local curvature, K, of

a ray will be

1 a8n
KCOS Of -Z-

where a is the angle of the ray to the horizontal, and n is the atmospheric refractive

index.

(2) Assuming that the curvature of the ray is constant along a sufficiently small

segment of the ray path (say 100( m for example), then the coordinates of the end point of

the segment may be simply determined from the coordinates of the start if the se nent

(see figure 1): thus compute
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(a) Ir AL'JS

(N) AL 2 si I

K

(c) ca . (- - r)

21

(d) h + R (h. + R )2 4- AL2 - 2(h. + R) AJ Lcos (X+ , )+ 2i+l 
1 

-1hLRj
(e) AFi = arcsim (sin (,x. + o7,) h -a

() a a •+ A40 - Ar

where (h 69) defines the height above the surface of tie Earth and the angular position

based on the centre of the Earth of the start of the i segment, and (h i+l ) ) he

same parameters at the end of the. ith segment, ie the start of the i+-t h segment, The

angle ae in these expressions is th, angle of the ray to the local horizontal to the

Earth's surface, and R is the radius of the Earth. Figure I illustrates the relationship

between these parameters.

(3) Using the above procedure iterativel!, rays can be launched from the source and

traced until either the range or height exceeds the boundaries specified for the chart,

or the ray intersects the surface of the Earth.

2.2 Intersection of a ray with a constant height curve

To construct the constant height curves of the chart, we need to determine the points on

each of the rays at which the heights of the curves are crossed. The problem is very

similar to that of tracing the rays outlined in the previous section, except that in this

case, we know the final height of the end point of the segment but not the segment length.
.th

Assuming that the i ray path segment straddles the height, H for which a curve is

required, then on referring to figure 1, in which hi+ 1 is replaced by H, and putting

Z I h + R

Z = 1 + R

it can be shown that
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z z + 11 + 2ZJL sin -a -

On epanding the trigonometric function, and noting that

2 sin(J r/2)
K

where K is the curvature of the ray, a quadratic in . 2 which can easily be solved, is

obtained. The form is

A AL 4 + B AL2? C - 0

in which

A = (XZ.)2 - 2KZi + I

B 2 {(ZC - Z
2 )(KZicos ca -I) - 2Z2 sine

and

C z 2}ý

There are two positive real solutions to this equation, of which the one we seek can be

shown by geometrical construction to be the smaler. The pnoblem of whether a real solution

exists does not arise since the procedure is invoked only for segments which straddle the

specified height curves. After solving for IL, the arc length IS can be determined, and from

this, the ray path length to, Lnd the coordinates of, the intersection point on th( chart

may be calculated.

2.3 Intersection of a ray with a constant range cut\

The intersection point of a ray with a particular range curve fo~lows in a simlar fashion.
lh

Referring again to figure 1, and assuming that the i segment of the ray path crosses the

range curve, then since we knew J&i from the range and since

"Ar 2 arc sin A IL K }
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on applying the sine law for the ratio of sides of a tmiangle, we obtain the result

z
A L

sin( i sin . y

z.
Cos(A9. + a. r s/2)I I

A quadratic for JL2 similar to the preious case can then be deduced in which the parameters

A, B, and C assume the values

A K
4

B =-Zi sin 8 1sin(!9 + ai) K -cos2(6) + di)

C = Z2 sin 20.i I

Once jL is determined, Ar follows, and front it, the path length along the arc to the

intersection point of the ray path with the specific range curve, and the height of the

intersection point may be calculated.

2.4 Construction of range-height-angle charts

A range height chart may be constructed by tracing the paths of a set of rays launched at

various angles from the source, and generaing tables of the path lengths of the rays to the

intersection -oints of the rays with the heights and ranges for which curves are required.

The loci of the points of constant height and constant generated by the set of rays provide

a variable scale for the axes, whereby the ray paths may be drawn as straight lines. l'he

procedure foi the generation of the range and height contour intersection XiXints for acth

ray is terminated when the end point of a ray segment exceeds either the maximum height or

the maximum range specification or intersects the suaface 4f tile Earth. To provide an

accurate bouvdary for the chart, the end point of the last segment is adjusted to terminate

precisely on the height o( range twindary, c'sing a variation of the procedures described i

Sections 2.3 and 2.4 in which all the paratticte•s oh the end point of the mctleNI,¢nt are

revised once the step increment AL, is known. For each tider:;ectiori poin, the niapptig uswd

to determitine the location on the f:hart (X . Y ) with resp rct i•) the chart irigin is.
I, P.

X - R cos (Y / X

Y sR Nin (e + It) / Y

where

R is the tital ray path length It the intcrsect.S po inlilt
lism"
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(Y is the launch angle of the ray from the scurce

H1 is the height of the source above the surface of the Earth

X' S are the x and y axis scale parameters

Determination of the scale factors will bt- discussed later.

Given then, the points on the chart at which the rays intersect oach of the specified

heights and ranges, the curves for constant height and range can be constructed hy

connecting the respective points. Since the rays are traced at various startin~g an1gle1s from

the source, beginning at +900 arid extending through 0" to -90., it does not follow that the

points of the height and range curves are generated in sequential o~der: In partac ulai for

an elevated source height it is possible fo r rays lawnched belIo w 'O t o cross pa rt IculIa r

height boundaries twice provided that they do noi first intersec!t thc snrfae-- ( thc Earth.

Connection of the points of each cui-ve in the order of their genieration would not provi Ic a

monotopic result. This problem has be.en resolved in the softwafe 1Lw sorting the aNonts fol

eachi height curve and for each range curve. into increasing range and height ,r,',r

respectively before plotting.

The upper boundary of the chart is formed by ile rays \k~hich tern-iiaie at thie hc:ght ".

the right hand side by the rays that terminate at the rarnge. limit. and the N'ton) hN thc

rays which terminate. on the surface ot the Earth antd by the cxtension of the tangent ray~

Certain pathoic~gical coinditions, for example only having one ray terna~nat log on the ra~ht

hand boundary, are taken care of by making assunip~ioaas -. xuLt i!., shape, h`

greater detail is rot available. InI the quoted example, the right hand lou ndary Is a.oc

to be ve'rtical. Where there are tio rays teýrminiating on the tnaximum rangr l1'undarv, the

tangcnt ray and the maximum he,ýight hmondary interscct each other. Anothecr problemn daim

a rt scse s is hat most often Inc po Iints thfat de finre the an itec r sc ct i on otf cacti oi the rangc

c-urses w4ith the maaxiaiurn height boundary (anid the cony ý,lenctiary situation) AMl nt~ti

generated ira the ray tracing* this problem has been test lV'-:d by linearly iiut( rpo)LnI tg ihe

respectjive ct.r,' jila to provide the Iniersectiona point with ihe N~undary . Prostiecd that

thie suicecssive rays ate closely spa:ced (ira chart coo.rdirtarcs). thais gavveý an acceptablY

accurate result.

A major difficuty anivI dcvelopvin: OWe software wýas epre d In getting thie raysN uiaN

-spaced 10 p~rov'ide, an adequate nuTIber Of data lk'1111ý fot rai~ h ang'e and heIght c-UrvC for t1he

apcxi~cco prat tical valuecs of the range mnd Iheiglu himtuit Tais Irobleni has tieen teCNII-ed hN

dcC~lintet [l0 a 1 tCO , ihe launchi ýtnsie, oan (tie s-)urc-, oit Inc iay (that t~r~~

the range herghua Niundary iuiiscis4t'ion, n.J the ril, tarcmn to the iLartli- f,:, c, ki usi ~tz a
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4/3" Earth radius model. From the geometry of figure 2, it follows that the launch angle p

to the range-height boundary intersection is:

r(R + H )co s 6-H - R
-l~~ c cf mx eff

p ~ tn------ (R + H s sin J
, f f Inan J

where

R

f ft

R MA maximum range of ray trac i

R ef effective Earth's radius =4,3 tipes actual Earth's radius

H = source hicight

It I n maximium height Of rayV tracing

S~rnilaroy the launch angle 6 for the ray tangent to the Earth's ~u~face is (fromn fltLire 2,

11 + R }
midt ftic tglcl ) to the bmotto Lorter of tht cloart Is

It *+ I - co~s 5o R tI
R s Iit

.................., sotf-ar-.- pat. kig, theni traces rassý ri various Intervals S'. 10' ,1 20') fr(,i, i-'t) It)o".

111k i it 11 5ý mtntr vii t p 0 1" mintrvals to 0', ( 02'' iitcrval~s to 05 C ir itval~s to

1. 1 1 ritcrv:l to 10", anditl ar I os i1n0:r %,als to ~I) lIII fact th)is I: tl af r C igi~illv

more cinplic th- tan suigge.sted abN)Ne, b-iyed on the rclative values Of thec break lxontst for

dJ~~rII A~gllteps alltI fhC saJi-%'s /1, ni 411, y :cc Lisýting 2). thesse ilc llnrai

princitples are adequateyi II ilntroi sithti he fitost divi~sion of loiunrch angle wIn 1 14 ised

!sciWecti 0' and (the ray utinu'etit to(in he Jrtaeý lII 6cnitral tin skchetne has %korked ell, lint

tor Ios~s IIhI o eircnite u,'s ofoit oIk 41 thi III:ir in xIt ieh11O h','C( tilted tlatttiXitiio iigiti ts Ier\.

smnall with iescý,Ct to the todtttotim tn taite tOi resýulting chirts itlay not have emnoi4, 1ý11iiiNto

Jise rI At ! :oh 1 L: t''1 . ti h I I raic tiol 'titýCIý,I L ur % s . ii 'wct. it unsitanc sc it %4i 1 c

Io Ctd l the: IV 1 1 1ý a~I IWtIIae in1 r "IttIeInt' I ut lica kit t :zI o \,tt t he f c q iitiI IC IIICIII t a :I I I d



SRL-OO27-TM - 8

The selection of the X and Y axis scale parameters and the position of the origin so that

the chart occupies the entire output page is not straightforward. For chartf, with extended

ranges (see for example figure 6) a considerable portion of the chart lies below the origin.

and consequently the origin has to be raised (relative to the b)ttom of the chart) and the Y

scale compressed to fit the chart in. In this package these parameters are determined using
rd

a 4/3 Earth approximation to produce a chart 8" x 6' in dimensions, and then applied to

the ray tracing output. Two situations are of significance tn these calculations, whether

the tangent ray to the surface of the Earth touches the surface before or after the maximum

range.

If the maximum range ts less than the tangent range, then. referring to figure 3(a), we

compute.

i r .aX
Re ft

from which the scale factors X Y follow immediately, thus

X - R sitn b Xs etf I

Y { ax + Rt (I cos 0)" / Y

where X and Y are the X and Y limCnsions of the chart.

If the niaxiuniur range is greater than the tangent range, then determining the sc'ale tci trt

is a little more cOmiplicated. Referrtn;, to figure 1(1h. we: compute

R, I f I

R R
•' R

Tle height of the t:ingcnt ras iib o- the -urface of the Farth at range: R r

11 R

It 1tIh\ I-lihl t I 6 Crc :t m t hI n II th-ri the ;. nglc is i s rc" I cd th(1n:1t 1e I A 1 k. c11 t I A

1ýtl H 1 11 ,1 c 11 ' . k T1 W 1 I Iit 1

IF'Il~dt ll )Il llLll ll '{ h~



- SRI- o)7 TMI

I f f inmJ

Tho scale factors f(it the axes thuI; tvcorre,

X R i;fr + tan4/) Cos 0,'Xs ,*f1

and

i Mi HS + R,! (tan d, +- tan yý sin q

rThe length ofIN, hevertical axits then trilo()A

L H 1 Y

an~d fromt thi~s the l~isition of the Or~itn may IX' determoinedj No thalt the chart fits ricatly )n
the (Lltpc't Page. Il1 o)ur systemf- \e Use

7 ,> L

"'i, r ill ViC (~ crc, flie chart on an A4 prage

3. INVO)KING~ AND USING; 111F SOFTWARE

itr r( :rc If"" urit l !:I thIs r,-Ixirt IN Prall Of a1 Lir~er pa, i-k ge \41iiI ait :irr5 mit

IN rIntamtcd ' A Af I'AN 'ets d rIl Niet\ !eginilirg 'Aiifil (lie A,, rtpturir 'JI WA RAYt IRA(E '. thre
1' ci, C e tý( 1, 'lIe Ir ira irzi, ll ;ItII hart geneicatoilm ltir dckures I N Ill
j A'kW F*~R A CV, I i P MA I N I C , MfIthe tWf[ieitKr Ill Il1N t' W k A)YX IAt ( P I 'a re , IIici tnI N~ MA1NI 1,

11 er I fit, rt;I C I' n a Sri PI lit I IClsN Ti ý,, k cIt 11 , i Iii ll' 1w tfC (1 rI 1S jI \jiW (,I E I l-lAY.\ I kRA il,)
f~' rI '111, atc% (lie .1ppr''ri I.itc S PI. fwI t Ie IN an I ali it I :l c1N mIl( 1) t1 r 11) Oc .'S ~ I

uh14f tIres rfrslLIN I (tir (firs jitiltel (11 \C~ tC I r l tiC iii ii trt is 11 trrlhirrrl llre
nusuaraiotlc Ili tOi p~ir Lase at priesrt life

t~rj ,r% ins ijiIi, fn.oi,,: I, .i atlifriie re1itta.c ind Ii- 1 t1t4l1

Ir I, ic tli n f rltr I.,101 rn t CIA l tW, 1-ri1Nt %rtrfhl- tinl t1t' r lk 11., 1ti cr ld i lX

jinlilLe ý11 m l Ii ri ' 1ri, l~-iI . rl( (t dlii ii
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(30 plot ra nge-height-angl" chacts

(4) plot propagation loss between two points as a function of height of the receiver

rd
(5) generate resolution cells for time difference height finding for a 4/3' or

other effective radius atmospheric profile

In the case of the generation of range-height coverage diagrams, the third option should bc.

selected, by entering the number 3 at the cursor OPTION prompt (the layout of the first

panel is shown in figure 4), whereupon the panel requesting input of the narameters relevant

to the generation of the range height charts will be displayed (figure 5). The parameters

are self explanatory, with the exception of the procedure which describes the atmospheric

refractive index profile: this is described in the next section. Selection of GDDM output

will display the range height chart on the IBM terminal, and selection of HP output will

produce Hewlett Packard graphics language (HPGL) instructions to drive a Hewlett Packard

plotter to produce a hard copy of the chart, on the output file 'JLW.RAYTRACE.PIOT(name)'.

These instructions may be subsequently downloaded to a HPGL compatible plotter to produce a

hard copy of the range height chart. A help facility is available via the PF1 key (press

once for short message, a second time for a detailed explanation) if the user is uncertain

of the appropriate parameters to enter in any of the panel input fields.

3.2 The procedure specifying the refractive index profile

The RAYTRACE package contains a number of different procedures for calculating the

refractive index of the atmosphere. At present only two, namely ATMOSI and ATMOS2 which

contain the NBS ngle term exponential and two term exponential profiles (ref. 5) are

appropriate for use with this package. These profiles are respectively

n = I + 31.3.6 x 10 eh/7°°oi

and

-6 *ih/900o) 6 (hI2.5OO):i = I + 26.0 x 10 e + 48 x 10 c

where h is the height atbve the surface of the Earth in metres. lbe procedure ATMOSI was

used to generate the range-height coart cxaisaples in this report.

Any alternative refractive index profile may be used by developing anooher protcedure to

ýtupply the refractive indc.x as a function of heioght. The ,kail to thc pr,-cdurc is of the

form

('AlL ATMOS (IEIGHT, AL.P]IAR, REFIX. SLOPE)

will
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in which all the arguments are DECIMAL FLOAT (16) variables, (ie double preclsion). The

input parameters to the procedure are

(I) HEIGHT, the height of the point on the ray above the surface of the Earth

(metres), and

(2) ALPHAR, the ang'e of propagation of the ray with respect to the local

horizontal (radians).

For refractive index profiles which do not contain any discontinuities (such as ATMOSI and

ATMOS2) the parameter ALPHAR is not used, but is included in the CALL ,a provide

compatibility with other refractive index procedures. The procedure then returns

(1) REFIDX, the refractive index at the point under consideration, and

(2) SLOPE, the rate of change of refractive index with height at the point

Listing I gives the code used in ATMOSI, and may be used as an example to generate code for

any other refractive index profile.

3.3 Examples of range-height-angle charts

A few cxamples of the charts that can be generated by this software are included to show the

var.ation in shape of the charts with different values of tile input parameters that might be

expected when using this software. 'The refractive index profile described in ATMOSI was

used for all these charts. Figure 6 shows a typical chart with the source on the surface of

the Earth, and the maximum range and height such that the ray passing through the

intersection of the range ai.d height boundaries subtends a considerable angle at the source.

The second chart, figure 7, shows the output for an elevated source with a larger range

limit. In this chart, the parameters are such that the tangent ray to the Earth's surface

lies intersects the maximum height bourdary before the maximum range is reached. As a

consequence of this, th. chart does not have a vertical range ',oundary. Figure 8 shows an

example with a larger maximum range and maximum height, in which the tangent ray extends

considerably below the origin o, the chart. Charts such as this one provide the greatest

difficulty in the estimation of suitable scale factors for the axes so that the resulting

chart completely occupics the output page. The final example (figure 9), which is an

expanded ponrion of figure 8, shows ýhe increased density of rays that the software includes

near the zemith when the scale factors are appropriate.

For extreme values of the input parameters, in particular for small maximumn heights in

con'par ,,., ,%,ith the uxaxlniumn range, th. region near the hrnrtzontal ray will occupy most of
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the chart, and conscqueictly there will he a limited number of points fiom which to construct

the rangc, and height curves. In such !ases the software will need to be modifi,d to provide

a greater density of rays between say 2 and the tangent ray. The statements requiring

modification are in the DO statement controlling the augular increments (see Listing 2)

within the procedure 'JLW.RAYTRACE.PL1(MAIN3)'. There are many possible ways in which these

statemerts could be modified depending upon the specific reluirements. Where the critical

angles are known, direct replacement of appropriate sections of the DO specification with

actual angular limits would suffice, and would be the easiest to implement.

4. CONCLUSIONS

This report has described the physical principles behind a ccmputer program for the

generation of range-height-angle charts which provide an indication of the propagation paths

of rays launched from a radar. The examples givep to illustrate the use of the program have

assumed a NBS single exponential refractive index profile, though in principle this program

will operate with any refractive index profile that does not result in ductitig of the

electromagnetic rays. It is anticipated that minor refinements will bc incorporated in the

software from time to .'me, to improve the quality of output, for example, but no further

major developments are pioposed. TPe package as it stands is a useful product for quick

guidance when radar coverage questions arise.
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ATMOSI: PROCEDURE (HEIGHIT,ALPHARREFIDXSLOPE);

/* This subroutine is used to determine the refractive index, and
/* the slope of the refractive index at the specified height HEIGHT */
/* of the refractive index piofile slecified in this algorithm.
/* The parameter ALPHAR has no effect exc,,pt at a discontinuity of */
/* the refractive index. ALPHAR > 0 causes routine to select
/* refractive index approaching HEIGHT from above, < 0 from below 4/

/* The first call to this routine, with the variable INIT set equal
/* to 0 results in the specification the constants and */
/* discontinuities in refractive index profile. Subsequent calls */
/* will have INIT set equal to 1 and will not repeat this 4/

/* initialisation activity Note that the Earth's surface is treated */
/* as a discontinuity in this software so there will always be one */
/* discontinuity. The refractive index profile specified here is
/* the standard single exponential profile with no additional */
/* discontinuities.

DECLARE (HEIGHT,ALPHAR,REFIDX,SLOPE) DEC FLOAT(I6);
DECLARE (NS,Z) DEC FLOAT(16) STATIC,

INIT BIT(l) INIT('0'B) STATIC;
DECLARE (DSCHGT(100) DEC FLOAT(16),

NUMDSC BIN FIXED(31)) EXTERNAL STATIC;

/* test INIT to determine if this is first call to subroutine */

IF INIT='O'B THEN
DO,

/* specify constants for calculating refractive index */

NS 313.OE-6;
Z = 7000.OEO;

/* specify discontinuities in refractive index profile */

NUMDSC = 1;
DSCHGT(1) = 0.OEO;
INIT = 'I'B;

END;

/* calculate refractive index

REFIDX 1.0E04-NS*EXP(-HEIGHT'Z);

/* calculate sloie of refractive index

SLOPE = -NS*EXP(-HEIGHT/Z)/Z:

END ATMOSI;

l'sting I Sample Rcfra,:tive Index Prccedure (ATMOSI)
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DO ANG = STARTI TO ENDI BY INTVi,
ENDI-I,0 TO MAX(UCANG,1O.00) BY -1,00,
MAX(UCANG,10.00)-0.50 TO MAX(UCANG.5.0) BY -0.50,
MAX(UCANG,5.0)-0.10 TO 0.00 BY -0.10,
-0.02 TO TANANG BY -0.02,
TANANG-0.1 TO LCANG BY -0.10,
LCANG-1.0 TO -10.0 BY -1.00,
START2 TO END2 BY INTV2;

In the above listing

(1) UCANG corresponds to p in section 2.4

(2) TANANG corresponds to #i in section 2.4

(3) LCANG corresponds to y in section 2.4

Listing 2 DO Loop Parameter Specification
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Figure 1 Ray path geometry
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Figure 2 Laun~ch au~gIes it) range and height boundary poiitds
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Figure 3(a) Chart geometry for R within the radar horizon
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Figure 3(b) Chart geometry for R beyond the radar horizon
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..... . ... RAYTRACE SELECTION PANEL - . .

OPTION >

I TRACE RAYS FROM A POINT FOR A RANGE OF LAUNCH ANGLES

2 TRACE RAYS BETWEEN TWO POINTS

3 PLOT RANGE HEIGHT CHARTS

4 PLOT PROPAGATION LOSS VERSUS HEIGHT

USE HELP (PF1) FOR EXPLANATION OF INPUT. PRESS ENTER TO CONTINUE
END (PF3) TO TERM'INATE RAYTRACING PACKAGE

Figure 4 Raytrace selecton menu

---- RANGE - HEIGHT CHART PARAMETERS -----------------------

SOURCE DATA
ANTENNA HEIGHT = ==> (KFf)

REGION FOR RAY TRACING
MAXIMUM HEIGHT = = => (KFT)
MAXIMUM RANGE > > (NM)

RANGE AND HEIGHT INrERVALS
HEIGHT INTERVAL > (KFT)
RANGE INTERVAL > > (NM)

SPECIFICATION OF ATMOSPHERIC PROFILE ROUTINE
ATMOSPHERIC PROFILE = = = >

SPECIFICATION OF PROGRAM OUTPUT REQUIREMENTS

GDDM VDU PLOT =, > (YES OR NO)
HP 9872 PLOTTER > (YES OR NO)
FILE MEMBER NAME =.. >

USE HELP (PFI) FOR EXPLANATION OF INPUT, PRESS ENTER TO PROCESS DATA

END (PF3) TO RETURN TO MENU

Figure 5 Chart parameter specification panel
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